nants of health; most notable for dementia are lower incomes and lower levels of educational attainment. 9 Recent studies suggest that sufferers of Post-Traumatic Stress Disorder (PTSD) are at an increased risk of dementia. 11 As a result of the historical trauma attributed to residential school experience and the ongoing intergenerational effects, 12 PTSD may also contribute to the overall prevalence of dementia for First Nations, Inuit and Métis people. Overall, there are several determinants of health that have the potential to contribute to an increased risk of a dementia diagnosis in this population.
Recent research in Australia suggests the prevalence of dementia among the Indigenous peoples in Kimberly, Australia is 12.4% for those over 45, compared to the age-standardized rate of 2.4% for the overall Australian population, making the Indigenous rate in Kimberly 5.2 times higher. 13 In the Australian study, 53% of diagnoses were "not otherwise specified", 24% were Alzheimer's type, 13% vascular, 4% alcohol-induced and 4% due to other conditions. The only population-based estimates available in Canada indicate that the age-standardized rate of all dementia was similar between the First Nations population and the general population of British Columbia (BC) in 2006-07 ( Figure 1 ). 14 The report does not provide information on type of dementia diagnosis. The BC data suggest that First Nations have an earlier onset of dementia and increased risk among males, which is in contrast to non-First Nations trends but consistent with what has been found in Indigenous Australian men who experience dementia at nearly double the rate of Indigenous women. 13 The dearth of information concerning prevalence and incidence of dementia in Aboriginal peoples in Canada is partially a product of poor and limited health information systems for Aboriginal people 15 and the exclusion of questions concerning dementia and neurological health on national population health surveys concerning Aboriginal peoples. Administrative health databases often lack the data elements necessary to identify First Nations, Inuit or Métis patients. In a few cases, First Nations people who are registered "Status Indians" can be identified within provincial insurance and billing systems using unique identifiers. For example, this is the case for the Alberta Health and Wellness Surveillance system, which contains an identifier for "Status Indians" and was recently used to assess the epidemiologic profile of diabetes in First Nations in Alberta. 16 To respond to the paucity of information available for dementia planning for First Nations, we report on physician-treated prevalence rates of dementia for First Nations people in Alberta, Canada between 1998 and 2009. "Treated prevalence" refers to the proportion of the population who experienced a physician visit with a primary diagnosis of dementia in a given year. This, coupled with the previously published data from BC, will begin to develop a picture of dementia in First Nations in Canada.
Specifically, we address the following questions: 1) Are physiciantreated prevalence rates for dementia increasing more quickly among First Nations compared to non-First Nations populations? 2) Are First Nations populations experiencing dementia at younger ages than the non-First Nations population? 3) Does the sex distribution of dementia differ between First Nations and non-First Nations populations? Data were extracted from two provincial administrative health databases. The Alberta Health Care Insurance Plan Population Registry provided the population counts for Alberta residents covered by the Alberta Health Care Insurance Plan for each year. This excluded members of the Armed Forces, RCMP, inmates residing in federal penitentiaries and those who had decided not to register with the Alberta Health Care Insurance Plan. The annual First Nations population was estimated based on individuals having a registered band number in the Alberta Health Care Insurance Plan Population Registry at the mid-year point. This definition of First Nations included "Status Indians", as defined by the Indian Act, 17 living on and off-reserve, but notably excluded non-status Indians and Métis. Groups aggregated by age and sex were also derived from this database.
METHODS

Study population, data sources and variable definitions
A second database, the Alberta Health Physician Claims Data, was used to identify First Nations and non-First Nations Alberta residents who experienced fee-for-service physician visits related to dementia within the year. Only the primary diagnosis field was used. If residents had at least one physician visit with a primary diagnosis of dementia (International Classification of Disease version 9 [ICD-9 code = 29]) or Alzheimer's disease (ICD-9 code = 331.0), they were considered to have been treated for dementia.
Analysis
The population counts for First Nations and non-First Nations people in Alberta for each year and the number treated by a physician for dementia within the year were provided by Alberta Health and Wellness. We used these numbers to calculate crude rates. Alberta Health and Wellness also provided age-adjusted treated prevalence rates for dementia with standard errors, for each year for First Nations and non-First Nations populations. Rates were age-adjusted to the 1991 Alberta population. To test whether the prevalence rates were increasing at different rates for First Nations and non-First Nations populations, a linear regression model was constructed with a slope dummy variable.
Alberta Health and Wellness also provided age-specific prevalence for the following age groups: 0 to 39, 40 to 49, 50 to 59, 60 to 69, 70 to 79, 80 and older, and sex-specific counts, rates and standard errors for each year. Because the counts by age group were low for each year, age-specific counts, rates and standard errors were aggregated over all the study years. Thus, we were not able to examine age-specific trends over time. To determine whether the relationship between sex and dementia prevalence differed for First Nations and non-First Nations populations, a second linear regression model was constructed with a sex by First Nations interaction variable, controlling for year.
We used the standard errors provided to construct approximate confidence intervals (calculated as +/-2*standard error) around the prevalence estimates. For all analyses, STATA statistical analysis software was used and significance levels were set at alpha = 0.05. Because the age distribution of the First Nations population was notably younger than the non-First Nations population, rates were age-standardized. The rates over time are presented in Figure 2 . The age-standardized prevalence of dementia in the First Nations population in 2009 was 34% higher than the rate for non-First Nations (7.5 per 1,000 [95% CI: 6.6 to 8.5 per 1,000] compared to 5.6 per 1,000 [95% CI: 5.5 to 5.6]).
RESULTS
Over time, the prevalence in First Nations rose with an observed minor peak in 2001 and a more recent increasing trend since 2006. While most of the annual variation is not likely different from the general population (that is, the 95% confidence interval includes the non-First Nations rate), the 2008 and 2009 First Nations rates appear to be more substantially different. Statistical testing showed that, despite the year-over-year variation, the age-adjusted prevalence rates rose significantly more quickly among First Nations than among non-First Nations populations (p=0.032). Figure 3 displays the age-specific treated prevalence estimates for all years and demonstrates a younger age distribution for First Nations compared with non-First Nations populations. Figure 4 illustrates that the consistently higher dementia rates among females observed in the non-First Nations population were not observed for the First Nations population. In general, First Nations males had a disproportionately higher risk of dementia than non-First Nations males. Statistical testing confirmed that, controlling for year, the relationship between sex and dementia was significantly different for First Nations compared with nonFirst Nations populations (p=0.017).
DISCUSSION
The results show several distinct epidemiological trends in the First Nations population. The rate of dementia in the Alberta First Nation population grew from 3.9 per 1,000 to 7.5 per 1,000 between 1998 and 2009, surpassing rates of dementia for the nonFirst Nations population in the most recent years. Dementia rates increased at a faster rate in comparison to non-First Nations. Other distinct characteristics for First Nations include a younger age profile and trend data showing that First Nations men on average have had a higher rate of dementia than females over time.
Our 14 However, unlike BC, the Alberta data show that the rate of treated dementia in First Nations has clearly surpassed that of the non-First Nation population and was calculated to be 34% higher in 2009. While the BC data showed a more gradual increase in the prevalence of dementia, the Alberta First Nations data showed a sharp increase only since 2006, with prior years being less consistent. While this may be a reflection of a sudden increase in dementia presentation, it could also be attributed to inconsistencies in reporting due to disruptions to services and programs affecting only First Nations residents.
The findings concerning the younger age profile in Alberta is consistent with the BC data showing First Nations people are diagnosed in younger age categories (60-69 and 70-79) compared to non-First Nations. Our finding that over time men had, on average, higher rates of dementia compared to women is distinct to this population and consistent with the BC and the Australian research. 13, 14 The increasing prevalence of dementia found in the Alberta First Nations may be partially attributable to the demographic shift occurring in this population. It would not be unreasonable to assume that a growing elderly population would result in more cases of dementia. However, growth in rates of dementia outpaces population growth, suggesting that population growth alone does not account for either the sharp increase in dementia or the finding of higher rates of dementia in First Nations.
It may also be speculated that higher rates of associated diseases such as cardiovascular and cerebrovascular disease in First Nations populations may account for higher rates of dementia. However, our gender analysis suggests that more First Nations men than women are being diagnosed with dementia, despite higher rates of diabetes and hypertension in First Nations women. 16, 18, 19 This indicates that co-morbidity alone likely does not account for the increased prevalence of dementia found in First Nations.
Factors associated with higher prevalence of dementia in First Nations compared to non-First Nations people are more likely a complex blend of physiological and social determinants. The Australian research is the only study that addresses the question of factors associated with increased risk of dementia in Indigenous peoples, although it is specific to Aboriginal Australians. 13, 20 This study has most recently found that among demographic factors, older age, male gender, and no formal education were associated with a diagnosis of dementia; and lifestyle and clinical factors with an association included current smoking, previous stroke, epilepsy, head injury and various geriatric conditions. Notably, neither alcohol consumption nor diabetes was found to be associated with a diagnosis of dementia. 20 Similar physiological (co-morbid illness) and social determinants of health between Aboriginal Australians and First Nations in Canada as well as a shared colonial history suggest that factors associated with an elevated risk of dementia in First Nations may share similarities with those found in Australia.
Limitations
Dementia is often under-reported in recorded diagnoses 21 and even less likely to be the primary diagnosis. Our results use only the primary diagnosis, likely underestimating the rates overall but not leading to inconsistencies between First Nations compared to nonFirst Nations populations. Underdiagnosis of dementia in the First Nations population is probable and often attributed to: reduced access to health services in remote reserve locations, especially to provincial health care services and long-term care facilities; 22, 23 questions concerning the cultural validity of screening tools, 24, 25 general cross-cultural care barriers, 26, 27 and differing and diverse understandings of dementia. [2] [3] [4] [5] [6] Jurisdictional issues in the delivery of health care to First Nations in general also influence our ability to capture a comprehensive picture of any diagnosis using administrative databases since First Nations may obtain services through provincially or federally funded programs such as communitybased health centres funded by First Nations and Inuit Health.
The availability of cholinesterase inhibitors used in the treatment of mild to moderate Alzheimer's disease may increase the likelihood of reporting Alzheimer's disease. However, cholinesterase inhibitors were not an approved federal health benefit for First Nations until December 2008 28 and therefore are not likely a strong contributing factor to the increase in dementia observed in this study.
CONCLUSIONS
Although many limitations with the data are noted, the findings from this work are found to be consistent with the only two other known studies reporting on dementia in Indigenous populations. Our results demonstrate that diagnosed dementia is increasing in First Nations in Alberta at a faster rate than in the non-First Nations population. It is likely that the actual number of cases is greater than estimated here. Several plausible explanations for the recent increase exist, including changing perceptions of the illness, access to care, the demographic changes occurring in First Nations, higher rates of co-morbid conditions, greater prevalence of social and physiological risk factors, and other social determinants of health. With the prevalence of dementia having surpassed that of non-First Nations and prevalence rates rising more quickly for First Nations, we suggest there is a need for research concerning contributing factors using appropriate Aboriginal determinants of health models. 9, 29 The results also demonstrate important differences in the presentation of dementia in First Nations useful to health care practitioners, planners and communities; that is, the likelihood of an earlier onset of dementia among First Nations and a greater risk in men. These findings will be helpful in supporting responsive policy enhancements and program planning within all health programs providing dementia services and care to First Nations.
